of carnitine on acetyl-CoA oxidation by heart muscle mitochondria.
Am. J. Physiol. 206(3) ~~31-535. 1964.~Acetyl-I-C14-CoA was oxidized by heart muscle mitochondria incubated in the absence of ATP and carnitine at a rate approximately $ioo that at which acetic acid-r -Cl4 was converted to CO2 in the presence of ATP. Carnitine addition increased the degradation of acetyl-1-C14-CoA by over sofold whereas it had no effect on acetate-r -Cl4 oxidation under conditions described. Carnitine simultaneously augmented oxygen uptake by heart mitochondria in the absence of ATP when acetyl-CoA was the substrate, but had little or no effect on respiration when acetate was the substrate in the presence or absence of ATP. Acetylcarnitine decreased the carnitine enhancement of acetyl-1 -C14-CoA conversion to COZ, most likely by isotope dilution via operation of the carnitine acetyltransferase reaction : acetylCoA + carnitine + acetylcarnitine + CoA. It was tentatively concluded that the acetyl group of acetyl-CoA cannot readily penetrate mitochondrial barriers in the absence of a suitable transfer system, but that carnitine acetyltransferase and carnitine may function as a shuttle system to facilitate acetyl-group movement across mitochondrial membranes. Additional data presented demonstrate that carnitine influences the metabolism of the acyl groups of other chain-length acyl-CoA derivatives. was performed with the aid of a guillotine from Harvard Apparatus Co.
RESULTS

AND DISCUSSION
Carnitine increased the conversion of acetyl-1 -C14-CoA to Cl402 by isolated rat heart mitochondria under conditions in which carnitine had no effects on the metabolism of acetic-I-C14-acid (Table   I ).
In the absence of ATP, oxidation of acetic acid was low. In contrast, when ATP was added to the system, label from C4-acetate was incorporated into respiratory CO2 at a rate higher than that achieved with acetyl-1 C14-CoA incubated in the presence of AMP and carnitine ( ferase converts added acetyl-1 -C14-CoA to acetylcarnitine in the presence of carnitine.
We offer the interpretation, summarized in Fig. 2 , that acetylcarnitine can readily penetrate mitochondrial barriers which tend to exclude acetyl-CoA. We base this suggestion on the evidence that while acetylcarnitine enhances mitochondrial respiration (3, 8) and acetic acid-I-Cl4 oxidation under conditions in which carnitine had little or no effects (Table   2) , added acetyl-I-C14-CoA in the absence of carnitine was converted to CO2 at a very slow rate. Acetyl-CoA was oxidized at a rate approximately so0 that at which the free acid was oxidized. When carnitine was added, however, acetyl-CoA degradation was enhanced over 5o-fold (Tables  I and 2 ). The carnitine acetyltransferase reaction defined in the introduction may be intimately related to results shown in Table I and Fig. I . This interpretation of the data is supported by experiments described in Table 3 , in which acetylcarnitine added to heart mitochondrial preparations decreased the carnitine effect on the conversion of acetyl-1 -Ci4-CoA to respiratory COZ. Reversible acyl transfer between carnitine and CoA depicted in Fig. 2 is feasible since the equilibrium constant for the carnitine acetyltransferase reaction is approximately 0.6 toward acetyl-CoA formation at 35 C and pH 7.0 (I I). We wish to postulate either that the enzyme is located on mitochondrial membranes, acting as an acyl shuttle, or that the enzyme is present in more than one mitochondrial compartment, thereby permitting the intracellular transfer of acyl groups. Table   I .
Oxidation of acetic-r -C14-acid was dependent upon the addition of ATP (Table I) ) and has no effect on acetic acid metabolism (Table   I) or on other short-chain fatty acids (6, 8) may reflect differences in the intracelular localization of different chain-length acylthiokinases, particularly since carnitine shows no chain-length specificity in enhancing the oxidation of acyl-CoA derivatives added to isolated mitochondria.
In support of this possibility, Kornberg and Pricer (14) obtained highest yields of longchain fatty acylthiokinase in cytoplasmic and microsomal fractions of guinea pig liver, and failed to obtain the enzyme in mitochondria.
In contrast, short-chain fatty acylthiokinases are found chiefly in heart mitochondrial fractions, but are obtained in cytoplasmic fractions as well (I). These observations would be compatible with the absence of an effect of carnitine on shortchain fatty acids if the scheme depicted in Fig. 2 is proved to be valid. In this scheme, carnitine would play a role in acetate oxidation only if acetyl-CoA generation occurred at a site removed from that at which the acetyl group would be utilized in the tricarboxylic acid cycle. Acetyl-CoA added to mitochon-
